In the field of materials for Lithium ion batteries, the lithium iron phosphate LiFePO 4 has been proven for use as a positive electrode due to its good resistance to thermal degradation and overcharge, safety and low cost. The use of nanostructured materials would improve its efficiency. This work shows the results of the synthesis of nanostructured materials with functional properties for Lithium batteries through aerosol techniques. The Spray Pyrolysis method allows synthesizing nanostructured particles with spherical geometry, not agglomerates, with narrow distribution of particle size and homogeneous composition in respect to a precursor solution. Experimental techniques were focused on the morphological (SEM and TEM), structural (XRD and HRTEM-SAED), chemical (EDS) and electrochemical characterization.
INTRODUCTION
Considerable effort has been expended in the last few years on the development of rechargeable batteries to meet demands for the powering of portable electronic devices such as cellular phones or laptop computers and more recently for hybrid electric vehicles (HEV). Lithium secondary batteries have satisfied the requirements to a greater degree than other rechargeable battery systems. Lithium metal phosphates belong to the new emergent-class cathode materials to be used as positive electrode in the next generation of Li-ion batteries. These phosphates mostly appear as two crystalline phases, the Li 3 Fe 2 (PO 4 ) 3 NASICON-type structure with orthorhombic or rhombohedral symmetry [1] and the LiFePO 4 olivine-type structure with orthorhombic symmetry, called triphylite [2] .The NASICON-like structure was first studied as solid electrolyte [3] ; however, the presence of iron makes it also interesting as cathodic material [4] . In respect to the Olivine phosphates LiFePO 4 (triphylite), their excellent electrochemical properties have yielded a cathodic material reference for the new generation of Li-ion batteries due to its high theorical capability (170 mAhg -1 ) for Li intercalation, good cycle stability, adequate resistance to thermal degradation and overcharge [5] . [7] . Minimizing the particle size of LiFePO 4 to provide more surface area has also been investigated as a means to enhance lithium-ion diffusion [8, 9] . The use of Spray Pyrolysis (SP) method allows to prepare nanostructured particles, for which Li + ion diffusion lengths are shortened and ohmic drop reduced, giving rise to enhanced electrochemical properties (higher capacities at high rate/ intensity). By means of SP, it is possible to synthesize spherical, not agglomerated nanoparticles, with compositional homogeneity with respect to the precursor solution. This solution is subjected to ultrasonic vibration in a frequency generator device obtaining fine aerosol drops with stoichiometric composition. The fine aerosol is transported by means of a carrier gas (air, N 2 , Ar, …), into a tubular furnace with a specific temperature. Into the furnace, processes of dehydration, decomposition, diffusion and reaction are carried out at the same time to produce nanoparticles with controlled size, morphology, composition and free of aggregates [10 In this paper, we report the synthesis of nanoparticles of lithium iron phosphates and their electrochemical properties towards lithium using ultrasonic spray pyrolysis method. Nanostructured particles -"as-prepared"-with spherical geometry, not agglomerates, with narrow distribution of particle size have been synthesized. Thermal treatments modify the morphologic aspect in the particle surface. Foam aspect and no spherical morphology can be distinguished.
-14]. The efficiency of this SP method has been successfully proven in the synthesis of different materials with functional properties [15, 16] . 4 , as precursors with addition of nitric acid (pH = 1.5). The solutions were atomized into fine droplets using an aerosol ultrasonic generator RBI, France, with three piezoelectric transductors operating at 2.1 MHz using argon as carrier gas (Qg = 1.5 l/min). The droplets are carried to a tubular flow reactor (length=1.5m)
EXPERIMENTAL
and thermally decomposed at temperatures of 400ºC, 500ºC and 700ºC respectively as schematized in Figure 1 . The powders were additionally heated at 600-800 ºC/6h, in an argon atmosphere, in order to reach the target triphylite phase.
The characterization was focused on morphologic, chemical, structural and electrochemical analysis. X ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), high resolution electron microscopy (HRTEM) and selected area electron diffraction (SAED) were used. Crystallographic phases were determined by combining the XRD and the electron diffraction-HRTEM techniques, using the Morniroli procedure [17] ; HRTEM images were performed using the digital micrograph TM program.
XRD patterns were recorded with CuKα radiation in an X`Pert Philips automatic diffractometer. The 2Ө range analyzed was 10º to 80º with a scan step of 0.02º and a counting time of 10 s for each step. The working conditions were 40 kV and 40 mA. A Philips XL 30 SEM equipped with secondary (SE), backscattered (BSE) and an energy dispersive X-ray (EDAX) detector was employed to study the microstructure and chemical composition of the material. TEM samples were prepared by ultrasonic dispersion of a small powder portion in acetone and then this suspension disposed on a carbon coated copper grid with 3mm diameter. A TEM JEOL JEM 4000 EX operated at 400 kV with a resolution of 1.8 Å was employed.
5
A potentiodynamic analysis was carried out using cyclic voltammetry. 
RESULTS
Morphologic analyses were carried out in the "as prepared" materials and samples with thermal post-treatment using scanning and transmission electron microscopy techniques. Thermal treatments modify the morphology of the particle surface. Foam-like aspect and no spherical morphology can be distinguished by SEM as shown in Figure 3 .
Particle size is increased with the thermal treatment at 600ºC/6h in all systems.
XRD results show three phases in the three evaluated experimental conditions as shown in Figure 4 . Both in the "as prepared" samples at 500ºC and after thermal treatment at 600ºC/6h, an orthorhombic NASICON like structure with composition Due to the amorphous aspect of the "as prepared" samples HRTEM images were impossible to obtain. However, as a result of a better atomic order in the nanostructured particles, lattice images can be observed for samples after a thermal treatment at 800ºC/6h.
High resolution TEM observations allow identifying the triphylite phase in the samples subjected to thermal treatment at 800ºC/6h as shown in Figure 5 . In the image lattice, the interatomic distances corresponding to the (121) and (101) Voltammetry studies were carried out on the two compositional extremes of the studied samples: one "as prepared" sample synthesized at 500ºC and one sample subjected to thermal treatment at 800ºC/6h from a sample synthesized at 700ºC. 
CONCLUSIONS
Nanostructured materials, free of aggregates, compositionally homogeneous, hollow with narrow particle size distribution and spherical morphology were synthesized through Spray Pyrolysis technique. As a result of the thermal treatment at 600ºC-800ºC/6h, morphologic aspects are modified, obtaining non spherical hollow particles with foam appearance and bigger sizes. Electrochemical analysis confirms the Li 3 Fe 2 (PO 4 ) 3 phase with NASICON like structure in the "as prepared" samples obtained at 500ºC and in the samples synthesized at 700ºC with post thermal treatment at 800ºC/6h. Also, the appearance of LiFePO 4 9 phase with olivine like structure as a result of thermal treatment at 800ºC/6h is confirmed.
The higher electrochemical signal is registered for the NASICON like structure, both in the "as prepared" sample at 500ºC and in the one subjected to thermal treatment at 800ºC/6h. In the "as prepared" samples stress and structural defects contribute to the high cationic disorder, hindering the intercalation and de-intercalation of Lithium, justifying the low signal in the samples. The temperature effect produces better definition in the peaks and an increase of the signal in both phases as a result of better atomic order that allows a higher electrochemical activity. 
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